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Please find below and/or attached an Office communication concerning this application or 
proceeding. 



Commissioner for Patents 

This annlication contains sequence disclosures that are encompassed by the definitions for nucleotide and/or ammo acid 
V^fSStnVi CPrT KUatfn and (aX2). However, this application fells to comply with the requirements of 37 CFR 

rSTSSi ^ "£2 ~ n^ itri below or on' the arched Notice To Comply With Requirements For Patent 

ArolicadoM Containing Nucleotide Sequence AnoVOr Amino Acid Sequence Disclosures. 

Apph No se^ce listing has been submitted for the sequence PSAG disclosed on page 25 
of the specification. 

Applicant is given ONE MONTH, or THIRTY DAYS, whichever is longer, from the mailing date of this j^£fbinvftic& 
Appiicam is S i .„,.»« Failure to comolv with these requfrements will result in ABANDONMENT 

*,r*i^5^<Sl i^^i^SSS^SS^ by filing a petition accompanied by the extension fee 
of toe applicant extend the period for reply beyond the SDC MONTH statutory 

J^SiJ^ to remxn a copy of the ataA Notice to Comply with the reply. 

Ron SchwadroD* Ph.D* 
Primary Examiner 
An Unit 1644 
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Notice to Comply 



Application No. 

09/982849 



Examiner 

Ron Schwadron, 
Ph.D. 



T-018 P.005/020 F-919 
Applicants 




^•r.oe in rr>MPL Y WITH REQUIREME NTS FOR PATENT APPLICATIONS 
clSS AND/OR AMINO ACID SEQUENCE 

DISCLOSURES 

_ c , *. » Dme inrii«.tPd helow within the time period set the Office action to which the Notice 
provisions of 37 CFR 1 .1 36(a)). 

■ am i no ac id seauence disclosure contained in this application does not comply with 

Kq^ in 37 CFR - 1821 ■ 1825 for * e fol,owln9 reason(s): 

B 1. This application clearly fails to oompry with the Jig^'gL'tS???! 
a L L^IjT Mirori^ri to the final rulemaking notice published at 55 FR 1823Q (May l r thwj, ana iii* 
^?i^5^^fftK^ date is on or after July 1. 1998. see the final rulemaking 
SI? piSM at 63 FR 29620 (June 1, 1998) and 1211 OG 82 (June 23, 1998). 

2 This application does not contain, as a separate part of the disclosure on paper copy, a 'Sequence 
Listing" as required by 37 C.F.R. 1 .821 (c). 
■S 3 A copy of the "Sequence Listing" in computer readable form has not been submitted as required by 
^ 37 C.F.R. 1.821(e). 

n 4 A copy of the "Sequence Listing* in computer readable form has been submitted - However .the 
° LteS of S« computer readable form does not comply with the requ.remente of 37 C.F.R. 1 .822 and/or 
?8zTa?in*cated on the attached copy of the marked -up "Raw Sequence Usbng.' 

n c Th* ^mmrter readable form that has been filed with this application has been found to be damaged 
D InJor^r^ CRF DisketteWm Report. A Substitute computer 

readable form must be submitted as required by 37 C.F.R. 1 .825(d). 

□ 6 The paper copy of the "Sequence Listing" is not the same as the computer readable from of the 
"Sequence Listing" as required by 37 C.F.R. 1.821(e). 

□ 7. Other: see enclosed communication 

B a!! hVrtS !Js JbsS ^computer readable form (CRF) copy of the "Sequence Listing". 

H An initial or substitute paper copy of the 'Sequence Listing", as well as an amendment directing its entry 
into the specification. 

1.825(d). 

For questions regarding compliance to these requirements, please contact: 
For Rules Interpretation, call (703) 30*4216 or (703) 308-2923 
For CRF Submission Help, call (703) 308-4212 or 308-2923 
Patentln Software Program Support 

Technical Assistance I™ ~I 1S2 

To Purchase Patentln Software 703-306-26OO 

pi FASE RETURN A COPY OF THIS NOTICE WITH YOUR REPLY 
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U.S. Patent Appl. No. 09/928,849 
Attorney Docket No. 037003-0280728 

m THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re PATENT APPLICATION OF 

Mitchell E. Reff G™* Unit: 1644 

Application No. 09/635,929 Examiner: Ronald Schwadron 

Filed: October 22, 2001 

Title: VARIANT IgG3 RTTUXAN AND THERAPEUTIC USES THEREOF 

***** 

llFSPONSE TO NOTICE TO COMPLY 
WITH REQUIREMENTS FOB PATENT APPL ICATIONS CONTAINING 
WTirr.ttOTinK AND/OR AMINO ACID SEQUENCE DISCLOSURES 



Mail Stop Missing Parts 
Commissioner fox Patents 
P.O. Box 1450 
Alexandria, VA 223134450 

Sir: 

This is in response to the official communication dated October 6, 2004. This 
response is timely filed. 
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U.S. Patent Appl. No. 09/928,849 
Attorney Docket No. 037003-0280728 



REMARKS 

The official communication stales that the instant application contains sequence 
disclosures that are encompassed by the definitions for nucleotide and/or amino acid 
sequences set forth in 37 C.F.R, § 1.821(a)(1) and (a)(2). The application is deemed deficient 
in failing to comply with the requirements of 37 Ci\R. §§ 1.821-1.825 for failing to submit a 
sequence listing for the sequence "PS AG" disclosed on page 25 of the specification. 

Applicants respond that the abbreviation "PSAG" sequence is incorrectly identified as 
a sequence disclosure. The text of the originally filed application which contains the alleged 
sequence disclosure is repeated below: 

Alternatively, the anbitody is conjugated to one or more calicheamicin 
molecules. The calicheamicin family of antibiotics are capable of producing 
double-stranded DNA breaks at sub-picomolar concentrations. Structural 
analogues of calicheamicin which may be used include, but are not limited to, 
Y\\ olz, a 3 ! , N-acetyl-Y, 1 , PS AG and 9 1 ! (Hinman et al Cancer Research 53: 
3336-3342 (1993) and Lode etal Cancer Research 58: 2925-2928 (1998)). 

From the referenced paragraph, it is clear that PSAG is a structural analogue of the 
antibiotic calicheamicin, not a nucleotide or amino acid sequence within the meaning of 37 
CJ\R. § 1.821(a)(1) and (a)(2). The Hinman et al. journal article (copy enclosed), which is 
cited in the same sentence as PSAG, fully describes the PSAG calicheamicin structural 
analogue. See e.g., page 3337, col. 2, paragraph 2, and Figure L Specifically, PSAG is a 
pseudoaglycone calicheamicin derivative. Based thereon, it is respectfully requested that the 
requirements for filing of a sequence listing according to 37 C.F.R- §§ 1.821-1.825 be 
withdrawn. 
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U.S. Patent Appl. No. 09/928,849 



Attorney Docket No. 037003-O280728 

Conclusion 

If any points regarding the sequence listing remain in issue, which the examiner fe 
may be best resolved through a personal or telephone interview, he is kindly requested 
contact the undersigned attorney at the telephone number listed below. 



P.O. Box 10500 
McLean, V A 22102 
(703) 905-2144 Direct Dial 
(703)905-2500 Facsimile 

Date: October 26, 2004 
TAC/JBM 



Respectfully submitted, 
PILLSBURY WINTHROP LLP 




Thomas A. Cawley, Jr., Ph.D. 
Registration No. 40,944 
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Preparation and Characterization of Monoclonal Antibody Coiy ogates of the 
Calicheamicios: A Novel and Potent Family of Antitumor Antibiotics 

Lois M. Hinmao, 1 Philip R. Hamann, Roslyw Wallace, Ana T. Menendez, Frederick E. Durr, and Janis Upeslacis 

Afrdfcni Reiton* Division. America Cyanamid Company. UdcrU Labonitmrt. PtaH River. W York 10965 



ABSTRACT 

The calichcamicln family of antitumor antibiotics arc capable of pro- 
ducing double-strfiiMted DNA breaks at sub-picontolar concentrations. 
Their potency suggested thai the calichcamidns would be excellent can- 
didates for targeted delivery and a hydroxide prepared from the most 
potent and abundant of the naturally occurring derivative, Yi4 was linked 
10 oxidized sujjars on CT-M-Ol, an IntEroalking antf-polycpithelial mucin 
antibody. The conjugates retained the iramiinoreactrvity of the unmodified 
antibody and were specifically cytotoxic toward antigen positive tumor 
cells in vitro and in vivo, Hydrafcide analogues of less potent calichcamicm 
derivatives >vere also prepared and conjueated to CT-M-Ol. Comparison 
of the therapeutic efficacy of the conjugates against the MX-1 xenograft 
tumor Implanted s*c* in nude mice showed that conjugates of derivatives 
missing Uie rhamnose, a sugar residue that is part of the DNA binding 
region of the drag, were not as promising as antitumor therapies. How- 
ever, conjugates of two derivatives, a? and TV-acctyl-y^ In which the 
rhumnose residue fa present but the amino suRar residue or the parent 
drug is either missinc or modified, significantly inhibited tumor growth 
over a 4-fold dose range and produced long-term tumor-free survivors. 
Stcrically hindering methyl groups adjacent to the disulfide in the linker 
further increased the therapeutic window of these potent conjufiatcs. 

INTRODUCTION 

Over the past decade, many MoAb 2 conjugates of radioisotopes, 
protein toxins, and cytotoxic drugs have been prepared and tesied In 
mode! systems. Radiolabeled MoAbs have proven to be effective 
imaging agents ia the clinic and are showing some promising thera- 
peutic results for the treatment of lymphomas and icukemias (1-4), 
Protein to*in-MoAb conjugates (immunotoxins) are likewise pro- 
gressing in clinical trials, particularly for the treatment of lymphomas 
(5). In contrast, clinical progress with cytotoxic drug-MoAb conju- 
gates has been less promising, despite encouraging preclinical data 
(6-8). An important factor limiting the success of drug-MoAb conju- 
gates is the relatively low potency of standard cheniotherapcuucs, 
which is further reduced by their conjugation to MoAbs (9). With 
most clinically used anticancer drugs, a large number of drug mole- 
cules must be taken up by each cell to achieve cell death. Poor tumor 
penetration, low antigen expression, and antigenic heterogeneity limit 
the number of MoAb-targeted drug molecules thai can reach each cell 
(10), and with many standard drugs, that number is too low to produce 
clinically significant antitumor effects. In contrast, the protein toxins 
such as ricin, which kill cells in ft catalytic manner, have been used to 
prepare imrnunotoxins (prorein-MoAb conjugates) ihai have produced 
highly significant antitumor effects in vivo. However, the inherent 
mununogenicity of the protein toxins themselves compromises the 
clinical utility of imrnunotoxins in all except severely immunocom- 
promised patients (11-13). 



Received 12/7/92; accepted 5/10/93. 

The cost* of publication of ini» article w«n defrayed in pan by the payment o£ page 
chargm. This oitictc must therefore be hereby marked advertisement in accord once wiih 
IB U.S-C. Section 1734 s.bldy to tndlcaic Oil* fact. 

1 To whom requests for reprinU flhwld be addfc&Scd. 

'The abbreviation* uttd we: MoAb, monoclonal anlibody: P&M, pcJytpjthxlial ITW- 
cio: PBS, phoSpnnw butTcred salinei MTD, maximum Tolerated dose*. MHD. minimum 
effective dose; TR, Uicfapcviic raliu i= MTTJ/MriDt: DMF. dimclhyl famMmid« OD. 
optimal dfl.tc; D>1. dimcihyl; PS AG. pseudaagtyoono; -^i-DM-hyd. dimsihyl hydra- 
»6nc: Vii-byd. y\i nyorazonc: i. triplet. 



Recently, several groups have concentrated their targeting research 
on low molecular weight cytotoxics with potencies intermediate be- 
tween the protein toxins and anticancer agents such as vincristine or 
Adriamycin, Preclinical evaluations of conjugates of highly potent 
low molecular wcighr cytotoxics such as the crichothcccnes (14) and 
maytansincs (15). both of which are significantly more potent than 
vincristine, have been reported. In our own work, we have used a new 
family of particularly potent anti-tumor antibiotics, the calico eam- 
icins, which were originally identified by then- impressive potency in 
a screen for DNA damaging agent$ (16). The antibiotics, isolated from 
a broth extract of a soil microorganism Micromonospora echinospara 
calichensis. were termed the calicheamicins and later were identified 
as members of a new class of potent enediync containing antibiotics 
which includes the esperamicins, dynemycin, and neocarzinostatin 
(17). The binding of the most potent of the calicheamicins, yn. in the 
minor groove of DNA and the resulting sequence-specific DNA cleav- 
age has been described (18, 19). The catichearnicins are relatively 
small molecules with molecular weights in the range of Af r 1500. The 
small size combined with a unique mechanism of action and extreme 
potency suggested that the calicheamicins might be good candidates 
for MoAb targeting. 

in this article, we describe the structure- activity profile of a series 
of calicheamicin analogues conjugated to the anti-PEM MoAb* CT- 
M-01 , which binds to an imernalizing antigen present on a number of 
solid tumor types including breast, ovarian, colon, and non-small cell 
lung carcinorruis. The goals of these studies were 3-fold: {a) to de> 
terininc the feasibility of preparing calicheamicin conjugates with 
antitumor activity; (b) to investigate the correlation between ihe po- 
tency of structural analogues of the calicheamicins and their thera- 
peutic potential as conjugates; and (c) to test linker variations in an 
effort to optimize the therapeutic window for the conjugates. 

MATERIALS AND METHODS 

Monoclonal Antibodies. CT-M-01, also known as 7FUC7, is an internal- 
izing IgG, that recognizes the PEM antigen, located preferentiaUy on the cell 
surface of human cancerous epithelial cells- Originally developed to recognize 
die human milk fat globule membrane of breast carcinomas, CT-M-Ol binds 
with high affinity io a broad spectrum of solid tumors and is internalized into 
its target cells after binding (20). The murine CT-M-Ol and MOPC-21 used in 
these srodics were produced and purified from dssue culture supematanta by 
Cell tech. Ltd., United KingdonL MOPC-21, a secreted murine myeloma IgG| 
that docs not bind to any mouse antigen or human xenograft minors, was used 
to prepare nOrtbinding isotypc-matcbed MoAb conjugates (21, 22). Lym 2, on 
IgG i reactive with human B-lympbocytes, but not with solid tumor lines, was 
used as a negative control in the in vitro binding studies (23) and was produced 
and purified from tissue culture supernatant* by Techniclone, inc. 

Iodination of MoAbs for use in die competitive binding assays was accom- 
plished using the coioOitiated BoltOfl Hunter reagent, W-siicdmfflidyl 
hyto^S-t'^ndliodopric^yl)?^!©^^ purchased from New England Nu- 
clear. The MoAb was iodinated at pH 7.4 in phosphate buficr at a protein 
concentration of 1-25 mg/ml using 5 rod' of Boltan-Hunter reagent for each 
2,5 mg of protein iodinaced. The labeled MoAb was purified by gel filtration 
chromatography and exhaustive dialysis. The specific activity of the 1M 1-CT- 
M-Ql ranged from 0.3 to 05 u,Ci/u£ protein and the labeling did not interfere 
with the antigen binding of the MoAb- 

Cells and Culture Methods. An MX-1 human brewt carcinoma cell line, 
established in thin laboratory, was used as the c*perimemal target for CT-M-01 
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In v(zro (24). Tbc tissue culture line was derived as a clonal isolate in agarose 
medium tram a tumor transplant of human breast carcinoma (MX- 1) growing 
in athymie mice- MX-1 cells were propagated in RFM1 1640 containing 5% 
fetal calf scrum, 5 jig/ml Insulin and transferrin, 5 ng/ml selenium, and 50 
p.g/ml geniamiciru Cultures were maintained in a humidified, 5% CO? incu- 
bator at 36*C and were subculture d once each week by scraping the loosely 
attached cells from the culture flasks. The MX-1 cells bind approximately 
200.000 molecules of CT-M-Ol/Cell in vitro, approximately 25% of which is 
internalised within 4 h_ 3 The XC rat sarcoma cdl lint was obtained from the 
Naval Biomedical Laboratory, Oakland. CA. These cells were propagated as 
monolayers and s uncultured following dispersal with 0,25% trypsin. For in 
vitro cytotoxicity torts, streptomycin, 50 p£/rnl and penicillin, SO units/ml. 
were incorporated into the medium. 

Immuno^cacuvity of the MoAbs and conjugates was measured by a direct 
radioimmunoassay comparing the competitive binding of me test sample with 
that Of iodinaied CT-M-Ol. For each assay, 10 6 MX-1 cells in 0.1 ml were 
incubarcd with O.D5 ml of 4 fig/ml ias I-CT-M-0l (Specific activity. -0.3-0.5 
/u£i/Mg) and O.Q5 ml of serial 4-fold dilutions of the test samples, the highest 
concentration being 200 jtgftnL After a 1-h incubation, the cells were washed 
3 rimes with Dulbecco's PBS and transferred to fresh tubes and coumed. 
Binding inhibition curves were plotted and 5Q<£ inhibitory concentration val- 
ues for each conjugate were compared with That of the uiunodified control 
antibody as a relative measure of retention of imrnurvOreaCQvity, 

/ft Vitro Cytotoxicity Assays. To evaluate cytotoxicity in drug Of conjugate 
samples, viable cells (ICP/DJ! ml) were ahquoted into I5-raJ WSt lvb*$ which 
contained 0.2 mi of the sampLe to be tested at the impropriate concentration. 
Concentrations were all normalized to microgram equivalents of calicheamicin 
Yji. Tubes were vomexed and Incubated at 37 D C for 7 min, and die pellets 
washed 3 times with 8 ml of medium. One ml of medium was added to each 
pellet, the cells were vortcxed. and 0.2 ml was removed and placed in a well 
of a 96-well plate (2 X 10 4 cells). These cells were incubated for 3 days, at 
which time 0.1 ml of supernatant was removed and replaced with 0.2 mCi of 
[ 3 H]thyrnidinc in 0.1 ml of fresh medium. Incubation was resumed for an 
additional 24 h at which point the cells were harvested and counted. Growth 
inhibition curves of each drug or conjugaic were plotted and the 50% inhibitory 
concentration value (concentration of drug equivalents needed for 5€% |/*H)- 
thymidine uptake inhibition) of each sample was derermincd. 

In Vivo Tests for Anti-tumor Activity. Drug and drug hydrazides were 
tested for antitumor activity against lymphocytic leukemia P36S in mice ac- 
cording to the protocol described by Geran ei at (25). As expected, the MoAb 
conjugates which do not recognize the murine tumors were inactive in this 
system and were evaluated instead for antitumor effects against human breast 
xenograft tumors implanted in athymic mice by procedures previously de- 
scribed (26). The two breast carcinomas studied were the ductal cell MX- 1 and 
undifferentiated MX-2, both obtained as xenograft transplants from the Divi- 
sion of Cancer Treatment and me Division of Cancer Prevention of the Na- 
tjonal Cancer Institute. Tumors were implanted sjc. into athymic mice and test 
samples were inoculated f.p. or i.v. ax several dose levels, every 4 days for a 
total of 3 doses, starting 2-3 days after rumor implantation. Each test group 
contained 6 mice and in each test a con vol group of 10 mice were given 
injections of a volume of PBS, pH 7.4 (the conjugate vehicle), equivalent to the 
volume of the highest conjugate dose (usually 0.5 ml). Tumor mass was 
determined by measuring the tumor diameter once weekly for 35-49 days 
pofii-ntmof implantation. Significant antitumor activity was defined as a sus- 
tained 58% mbibirion of mean tumor mass compared with untreated controls 
in groups with greater than 65% survivors. A TR was defined as the MTD/ 
M£D and used as u measure of the therapeutic window for the conjugates or 
drugs tested. 

Preparation of Thiol Hydrazides. 3-MercaptopropiOnyl hydroxide used io 
the preparation of the "simple'* hydrazide conjugates was prepared as follows: 
9.2 ml of methyl 3-xncrt^topmpioriatc (S3 mmol) were added dropwise over 
2 h to 5.4 ml (3 eq) of anhydrous hydrazine in 1D0 ml of lefmxing tctrohy- 
drofuran under argon. After an additional 2 h at reflux, the reaction mixture 
was cooled and the solvent was removed in a vacuum. The excess hydrazine 
was removed by addition of toluene and rcconccnirauon. The crude product 
was purified by flash silica gel chromatography during first with 5*5- edryl 
acetate in chloroform and then 20& methanol in chloroxorm. 



? C F. Beyer, unpublished results. 



3-Mcrcapto-3-mctIrytbutvryl hydrazide used in the preparation of the "di- 
TnethyP hydrazides was prepared as follows: 9 ml (13 cq) of thiolaceoc acid 
was added to 1 0 g of 3 3-di methyl acrylic acid. This mixture was heated at 
reflux under argon tor 6 h. The excess thiclacctic acid was removed under 
aspirator vacuum and the resultant oil was dissolved in 100 ml absolute ethanol 
containing 200 ni of coi>ccotnited sulfuric ucid. This reaction was rt fluxed for 
24 h before adding 16 ml of hydrazine and then for an additional 24 h under 
argon. Tbc reaction mixture was concentrated and the residue was dissolved in 
u miXTUre of brine and saturated sodium bicarbonate. The product was ex- 
tracted with several volumes of chloroform. The combined chloroform layers 
were dried with magnesium Sulfate, filtered, and reduced in volume (0 art oil. 
This oil was purified by flash chrcrniaLography On silica gel with a methanol- 
chloroform gradient and then crystallized from chloroform-hexane to give 
3-rncrcapro-3-rn£thyIbutyryl hydrazide as a low-melting solid. 

Calicheamlcin Analogues. The y,i, a 2 i, and cty calichearnicins were all 
isolated from the fermentation broth of M, eehinospvra c<4ichen$is as de- 
scribed previously (27). The structural elucidation of these compounds, the 
Isolation of tbc pseudoaglycone derivative, and the synthesis of //-acetyl cal- 
icheamicin y t * from caJichearnjcJn vm have been described in detail as well 
(28). 

Hydrazide derivatives of the caiicheamiclns were prepared by displacement 
at die methyltrisulfidc moiety of the analogues wjtii the mercaptohydrazides 
described above. Preparation of the calicheamicin y ( i hydrazide typifies this 
procedure: 70 mg (0-051 mmol) of caliche* mjcin y,i in 100 ml of acetoniuile 
at -15°C was added to 13.2 mg (2 cq) of 3*mercapiopropionyl hydrazide in 1 
ml of acexoniirilc. The reaction was wanned to 4*C for 24 h + and then the 
solvent was removed in vacuo. Tbc crude product was purified by flash 
chromatography on Merck silica gel (packed with carbon tetrachloride) using 
a gradient of 5-15% methanol in chloroform to give 55 mg of a yellowish 
glass. This material can be used directly or dissolved into chloroform contain- 
ing a trace of methanol and precipitated by being poured into a rapidly stirring 
l;l mixairc of cthcr-hexane to give a white powder which can be stored 
indefinitely 01 -15°C. The high-performance liquid chromatography retention 
time for this compound is 5.0 min with 41% acetonitrile/0.1 m aqueous 
NHdOAc (Zarbax ODS C-IK. 4.0 mm x 25 cm column: 2 ml/min) (for 
calicheamicin y,\ retention time Is 5-5 min with 56% acctonitrile). Mass 
spectrum (FAB) is 1408 <M + H' r ) 4 1430 (M + Na"*"); and with added acetone. 
1448 (M + 40 +■ H"\ acetone hydrazone). The nuclear magnetic resonance 
(300 mHz, CD3OD/CDCI3) of this compound is virtually identical 10 the 
published spectrum for calicheamicin 7i> (26) except for the following: ab- 
sence of a CHs-tnethyl trisulftde-reso nance and a new resonance at 2.97 pprn 
(2H> U Jm. = ?Ht, CHi), 156 (2H, t> J.^ = 7Hz. CHJ. 

Conjugation of Cnlicbenmicm Hydrmides to MoAb*. The method used 
for the preparation of MoAb Conjugates involved reactions with cartjohydrnte- 
dcrived aldehydes, as previously described (29). The conjugation of all die 
hydrazide and dimethyl hydrazide derivatives followed a similar procedure as 
outlined below, MoAb, at a concentration of 5 mg/ml in 50 mx sodium acetate 
buffer, pH 5.5, was Oxidized at 4*C for 30 min with 12.5 dim sodium periodate 
(prepared freshly as a 100 ium stock in the acetate buffer). The oxidized 
antibody was desalted by gel filtration (PD-10 columns) and then reacted at 
25 °C with a 30-fbld molar excess of calicheamicin Yi> hydrazide in DMF as 
described below, A typical conjugation reaction mixture contained approxi- 
mately 3 mg/ml protein and 1 xngfrnJ drug bydrazkJe in a mixed solvent 
consisting of 50 nut sodium acetate buffer, pH 5 .5. containing 15% DMF. After 
3 b, the reaction was quenched with 5% of the reaction volume of 0.2 m 
NaCNBH 3 and 1 % (v/v) of the reaction volume of 1 m accmydrazidc for I h. 
The NaCNBHa reduction step was included in all the experiments in this 
article. However, subsequent studies indicated under the conditions used in this 
study little, if any* reduction of the hydrazone motery occurred and conjugates 
mode with and without reduction showed aq difference*, uicludiag La biolog- 
ical properties. Acemydrazide does function in blocking unrcacicd free alde- 
hyde groups and rrdnirnizing aggregation and therefore is routinuely included 
in all aldehyde-based conjugation reactions. To terminate the conjugation 
reactions, conjugates were passed through a desalting column equilibrated with 
50 mu phosphate buffer, 100 dim NaCl, at pH 6.5. and exhaustively dial y zed 
against the same buffer. Monomeric conjugates were separated from dimers 
and higher order aggregates by S-200 gel exclusion chromatography. 

The drug concentrations of calicheamicin derivative* and drug loading on 
conjugates were aecerxnined spectroscopicnlly. The extinction coefficient de- 
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lernined for a cabcheurnicin 71 1 J^mcica pU j pi u p ioiuc acid disulfide of 4010 
m" 1 at 333 nm (in \Q% DMF in PBS), a species that represents tbe attached 
disulfide form of the drug, was used as a standard. Since none of the structural 
modifications of the ealicheamiciDS described here significantly affect the 
Chfomophore of the drug, this extinction coefficient was adjusted for variations 
in the molecular weight of the analogues and used for all studies. The molec- 
ular weights for (he hydraxidc calichcamicin derivatives included in this Study 
are: 1408 for y,t hydrazide, 1248 for q 2 i trydrazide, 1091 for pseudoagiytone 
hydrazidc. 1251 for a* hydrazide, 1450 for jV-aceryl-ytt hydroxide, 1436 for 
y,i dimethyl hydrazidc and 1478 for tf-uceiyl-711 dimethyl hydrar-ide, Thus, 
for example for y\t hydrazidc conjugates, drug concentration (f&gfrnl) — 
A<uv<SiJ3 (ml/rng) using *m (ml/rng) = 2.85 (401 0/1 408). The contribution CO 
protein ahsofoance made by the colic ueumicin at 280 nm was estimated 10 be 
3 times the absorbancc value calculated for the drug at 333 nm. Using c 333 
(ralAng) = 1.43 as the standard extinction coefficient for an IgG molecule, a 
corrected antibody concentration (mg/ml) was calculated as: 

^2M " (3 x ^333) 
1.43 

These spectroscopic values proved convenient for routinely measuring drug 
and MoAb concentrations in the conjugates and Were confirmed using radio- 
labeled drug and independent detenninauanS of protein concentration using 
Standard BiaRad reagents and assay procedures. 

RESULTS 

Characterize Lion of Calichcamicin Derivatives for Conjugation. 

The five structural analogues of caJicheamicin used in this study have 
been previously designated 7ju a?, o: 3 i t /V-acetyl^i, and P5AG. The 
structures of these derivatives, described in detail elsewhere (26, 27), 
arc shown in Fig, M, The core of the molecule shown in Fig. M» 
which includes the methyl trisulfide * l trigget* 1 which undergoes reduc- 
tion to cause, a molecular rearrangement of the cnediync bicyclic 
"warhead" (the part of the molecule that generates a diradical that 
produces double-strand DNA breaks) and the sugar/aromatic ring 
"backbone" is common to all five of the analogues used in these 
studies. Structural variations relate 10 the presence or absence of the 
cfaamnose (at R') and/or aminosugar (at R") as indicated. The most 
potent "parent" compound, calicheomicin contains both the rham- 
nosc and the amino sugar. The 0^1 analogue is missing the rhanuiosc, 
while oc-jt is missing the aniinosugar and PSAG lacks both the rhara- 
nose and aminosugars. The fifth analogue, tf-aceryl-yii, was prepared 
by acetylation of the amino sugar pf y,i (27). The two hydrazidc s 
("simple" and ''dimethyl") used in these studies arc shown in Pig. 15. 
It should be noted that me hydrazides are disulfide versions of the 
trisulfide "parent" compounds and were prepared from the trisulfide 
analogues for conjugation to MoAbs curtaining periodate oxidized 
sugars. 

The anti-tumor effects of me five parent calicneamlcin derivatives, 
along with their respective hydrazicles, were compared in vivo in the 
P388 leukemia model (Table 1). In each exrjeriment, the test drug was 
administered i.p. to normal mice carrying P38S leukemia and a corn- 
parable group of nontumored animals. The lethality of the drug in the 
nontumored animals was used to determine MTD. In Table 1, we 
report the percentage of increase in life span for each derivative at two 
doses; the OD that gives the greatest percentage of increase in life 
span in tbe P388 unirnals. and the MTD. determined in the nontu- 
mored animals. Several conclusions can be made from these data. Pen- 
an five derivatives, the MTD was less than the OD. For example, the 
greatest increase in life span resulting from treatment with any of 
these derivatives was 130% for the a 2 > callcbearnicin, at a dose 8-fold 
higher than the MTD. The potency nf the hydrazides was 2-8-fold Jess 
than that of the corresponding parent compounds for all analogues. 
From these data it is clear that although die cahcheamicins are highly 
potent, toxicity limits their therapeutic efficacy as single agents 
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Fig. 1. In A, souctural analogues of tbe caUcheamieins which vary in the imegriry of 
the zhamntue and amino suguni urc uuUine schematically, comparable bydnrade 
analogues prepared from «ich derivative ore shown. 
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against P388 leukemia. Similar dose-limiting toxicities also were seen 
for these calichcamicin analogues when they were studied as single 
agents in other murine tumors, such as B 16 melanoma (30), and in the 
xenograft tumors as well (see below). To test the potential of these 
compounds as targeted agents, monomeric conjugates were prepared 
from each of the five hydroxide analogues. These hydrazonc conju- 
gate*- had drug loadings of 2 to 3 molecules of calichcamicin 
cquivalcms/MoAb molecule and retained greater than 85% of the 
iromunoaffiniry of the unmodified MoAb. 

Activity and Specificity of CT-M-OI-yii Hydrazone Conjugate*. 
Calicbeamicin y ( t, the calichcamicin tv hydrazidc, and two conju- 
gates, a CT-M-OI-yir hydrazide conjugate that binds to the MX- 1 cells 
and a nonbinding control Lym-2-yn hydrazide conjugate, were com- 



3338 



'AGE 11120 4 RCVD AT 617/2005 1:00:33 PM [Eastern Daylight Time] ' SVR:USPTO-EFXRf -1/26 < DN1S:2730341 ' CSID:703 905 2500 ' DURATION (miHS):0Ml 



07-Jun-2005 13:04 F rora-P I LLSBURY WINTHROP 



703-905-2500 



T-018 P. 012/020 F-919 



5Taucnia£-AcnviTy fboals op cauchsamicen WMUNOtorUuCA-rcs 



l 



100 



60 



60 - 



40 



20 



>CT*ftl-<n Canjugoso 
' Lym-3 Caifjgnlo 




10 



100 



Do so of CaDchsamlcln. y, 1 (no/mi) 



8 



100 



80 



60 



40 



20 - 




10 



Dosa of GaBehoattiteir., 7 1 (ngfml) 



100 



Fig. Z A comparison of the in vitro cytotoxicity pnd specificity ofyii, y\ 1 hydrazide, 
and conjugates of 7,1 hydrazide with CT-M-01 and Lym-2 an the MX- 1 M) and XC-RM 
cells {&). Cells at a concentration of 10 s ceUs/mJ were incubated for 7 tnJn wilh 3-fold 
dilation of Tii, fit hydrazidc, or yii hydatids conjugates over a dose nuige of 0.8 10 100 
ng/aL After 3 days gf growth, the cells were pulsed with PH]lhjrmidinc and the inhibition 
of cej] growth rcsuldu£ from the ueaiment was calculated relative ro die growih of ihc 
ualzcalcd contra! cells. 



pared for their ability to inhibit, the growth of two cells lines in vitro. 
In Fig. 2 the cytotoxic effects of five-fold dilutions of calichearniein 
yv, yv hydrazidc, or Yi- hydrazide conjugate* with these two anti- 
bodies were compared on the MX-1 breast carcinoma cells, which 
express the PEM antigen and binds and internalizes CT-M-01 (Fig. 
2A) and the na sarcoma XC cells, which do not bind either antibody 
(Fig, 2B). A comparison of tlie titration data for the conjugates and 
drugs on these cell lines show that the CT-M-01 conjugate and 71 1 
were cquivalcntly cytotoxic to the MX-1 cells, at a 50% inhibitory 
dose of approximately 8 ng/ral, while only the parent drug itself 
showed this level of activity toward the nontarget line. The nonbind- 
ing Lym-2 conjugate and y\\ hydrazidc itself are at least 10-fold less 
active than the CT-M-01 conjugate or y v on the MX-1 line, although 
this Lym 2 conjugate was highly active against its own antigen- 
positive target line, HS Sultan, under similar experimental conditions 
(data not shown). 

Antitumor effects of the CT-M-Ol -y,i hydrazidc conjugate were 
studied in vivo against the MX- 1 human breast carcinoma ira piani-AH 
s.c. in nude mice. The conjugate was administered at 3 dose levels (as 
3 doses given 4 days apart). The top dose (25 Mg/kg) was lethal 10 all 
animals treated by day 21 (data not shown), while at lower doses the 
conjugates produced a dose relaLed inhibition of tumor growth (Fig. 
3). The lowest dose tested (6.3 fig/kg x 3) was nonlethal but mini- 



mally effective and a dose of 12.5 jig/kg X 3 produced a significant 
reduction in the size of the xenograft tumor from 21 10 35 days 
post-tumor implantation, with 4 out of 6 Of the test animals in that 
dose group surviving at day 35. In this study, calicheamiein y tt itself 
was lethal at one-tenth the MTD For the conjugates (MTD < 2.5 
Mg/kg) and the drug hydrazide and noncovalent mixture of the drug 
hydrazide and MoAb (prepared to simulate the concentrations of both 
drug and MoAb in the conjugates) were both lethal at <6.3 f±g/kg. 
The 7ii and hydrazide were noi effective at nontoxic doses and 
CT-M-01 itself did not inhibit the growth of the tumor at doses up to 
0.5 mg/dose x 3 doses (>10 times the dose aoUnimstered in this test). 

From these results it was clear that conjugation of calicbeamicin y x t 
to CT-M-01 increased the MTD of calicheamiein 7,1 more than 10- 
fold and, more importantly, allowed the delivery of a therapeutically 
effective dose or drug to the tumor. However, treatment with the 
CT-M-Ol-Yn hydrazone conjugaies did not produce any complete 
regressions of the MX-1 tumor or result in any long-term survivors, 
Based on activity against me MX-1 tumor in vivo* as presented in Fig. 
3 and summarized in Tabic 2, a TR of ~1 could be estimated for 
CT-M-01 -7, » hydrazone conjugates which compares favorably with 
the fractional TRs of the drug derivatives or drug-MoAb mixtures. In 
an effort to further increase the TR for these conjugates, conjugates of 
other calicheamiein derivatives were also evaluated. 

In Vivo Activity of CT-M-01 Conjugates Of Calicheamiein Vari- 
ants, Hydrazide derivatives of the four other calicheainirins de- 
scribed above were conjugated to CT-M-Ol and tested irt vivo against 
the MX-1 tumor. As summarized in Tabic 2, structural variations in 
the drug hud a profound effect on the therapeutic efficacy of their 
conjugates which did not necessarily correspond with the activity of 
the drugs as single agents (Table 1). For example, the CT-M-Ol 
conjugate of ar z i, the analogue missing the rhamnosc from the putative 
DNA binding region of the drug and next in potency to Yi 1 against 
P3S8, had a TR <1 and showed no antitumor effects at nonlethal 
doses (Fig. 4) and the conjugates were inactive on antigen-negative 
xenograft tumors. 

In contrast, conjugates of a 3 and /V-acecyl-Yi'i analogues which 
contain the rhamnosc but arc modified at the amino sugar, were highly 
efficacious over a 4-fold dose range showing an improved therapeutic 
window compared with 7,1 and a TR >4 (Table 2). As shown in Fig* 
5, A and J?, both of these conjugates had dramatic antitumor activity, 
inhibiting the growth of the MX-1 tumor at nonlethal doses and 
producing long-term tumor-free survivors <>100 days) at the 100- 
jxg/kg dose. The parent drug derivatives included in the tests as 
controls were inactive at nonlethal doses. 

The Fifth variant of calicheamiein conjugated to CT-M-Ol was 
PSAG, missing both the rhamnose and the amino sugar. FSAG is 
significantly less potem than the other derivatives against P38S leu- 
kemia. A3 shown in Tabic 2, this conjugate was ineffective and non- 
lethal even at doses 28-fold higher than the MTD for the y lt conjugate, 
inmcating that the delivery of the * 'warhead" of calicheamiein on a 
MoAb was not sufficient to retain activity. Because of this low po- 
tency, further investigations of FSAG conjugates were not pursued. 

Effects of Variations in the HydV&zone Linkage on in Vivo 
Activity. Changes in the linker region of the calicheamiein hydrazide 
conjugates were also examined as a means of increasing the TR of the 
calicheamiein conjugates. Methyl groups mat add steric bulk adjacent 
to the disulfide were introduced into the hydrazide linker as shown in 
Fig. 15. A comparison of the antitumor activity of a "simple" 7^ 
hydrazone (Yj'-hyd) and a 7,-DM-hyd conjugate was made on the 
MX-1 tumor in vivo. As summarized in Table 2, the Y,r-DM-hyd 
conjugate had strong antitumor actfvity at 6 Kg/kg, a dose which is 
ineffective with the simple Yi'-byd conjugate (Fig. 3), in addition, no 
lethality was seen with the Y,.-DM-hyd Conjugate at the 12.5 Mg/kg 
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fie. 4 Antitumor effects of a CT-M-01 wmjufcftic of v# hydrazide and controls on ibe 
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dose. while with the simple y,t-hyd conjugate* 2 of the 6 animals at 
thai dose were dead at day 35. In feci, with the 7i«-DM-hyd conjugate, 
all unimals treated with the 12.5 Mfi^S dose °f conjugate were tvmor- 
frec *t the 49-day observation point. The increased efficacy at low 



doses and decreased lethality at the higher doses resulted in an in- 
creased TR for the v,r-DM-hyd over the simple y t *hy& conjugate. 

CT-M^Ol conjugates of AT-acctyl Tii and a 3 calichcamidns were 
also prepared incorporating the hindered dimethyl hydrazone link- 
ages. A comparison of the antitumor activity of /V-acetyl y,. conju- 
gates prepared with the simple and DM-hydnaone linkages, tested on 
the MX-2 breast carcinoma, is shown in Fig. 6. At both dose levels 
tesied, the DM-hydrazone conjugate was more effective than the 
simple hydrazone conjugate against this rumor producing 100* ru- 
rnor^frcc survivors at both doses. Tbe N-acetyl Yi' and a a conjugates, 
when prepared with the DM hydrande linkage, have demonstrated 
significant antitumor effects with TR of four or higher and have 
produced long-term rumor-free survivors In a number of other anti- 
gen-positive tumor models without showing any significant activity 
on antigen-negative tumors * As shown in Table 2, a CT-M-01 con- 
jugate with tf-aceryl y,i-DM-hyd had a TR of >6 against the antigen- 
posidvc MX-1 tumor. An equivalent TWacciyl >,i-DM-hyd cunjugatc 
prepared with the nonbinding IgG„ MOFC-21 , had a TR of < 1 under 
comparable experimental conditions. As indicated In Table 2. the 
MOPC-21 conjugate showed only a slight reduction in the tumor mass 
at MTD (300 mS^S x 3) and produced no tumor-free survivors. Our 
studies definiDg the aciiviry profile of Afferent calicheamicin deriv- 
auves conjugated with a variety of tumor-selective, internalizing Mo- 
AD*»rrraaiod ^ 5 aj e gontinuing- 



DISCUSSION 

In this article we present data that demonstrate the therapeutic 
potential of MoAb conjugates prepared from a novel class or antitu- 
mor antibiotics, the coUchcamicins, Despite the dose-limiting toxici- 
ries seen with the parent calicheamicinfi, modifications have been 
made in bom the drug and the linker to produce constructs with a 
significant therapeutic window- These conjugates are antigen specific 
and have produced dose-dependent inhibition of rumor growth with- 
out lethality in all antigen-positive xenograft tumors tested. The an- 
tibody used in these studies was CT-M-01. an internalizing ami-PEM 
MoAb which binds to a mucin antigen abundant on a number of solid 
tumors including breast, non-small cell lung, ovarian and colon car- 
cinomas. Our results with CT-M-01 conjugates as weU as our previous 
r^eHmbary reports suggest thai internalizing antibodies act as effec- 
tive surrogate carriers for potent drugs such as the caucheamicins 
allowing them ra bypass the normal r^hanisms of nonselective drug 
uptake, thus rendering mem less toxic (28, 31, 32). 

Our efforts to optimize the targeting of the ealicrjeamicins involved 
ihe evaluation of conjugates prepared from a number of structural 
analogues of the drug. Using information available on the relative 
potencies of various calicheamicin analogues in the P388 leukemia 
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model and the MTD of the various analogues in normal mice 
explored structural features of the drug essential for its activity. The 
calichciimicins bind in the minor groove of DNA and make double- 
Siranded cuts with a specificity for the TCCT/AGGA tetramer (19)* 
We have shown that conjugates of y x i make equivalent DNA cuts in 
target cells (25), suggesting that DNA cleavage is the mode of action 
of die drug, even after conjugation* 

Among the four calichcamirin analogues compared with the parent 
7xt in this study, rwo analogues, a* and PS AG. were missing the 
rhumnose at the end of the DNA binding region and in neither case 
were these agents effective hk conjugates in vivo. Conjugates prepared 
with a* and W-acetyl-Y,. derivatives, in which the DNA binding 
region is intact, yet the amino sugar has been eliminated or modified, 
showed a clear therapeutic advantage over the -yi 1 - °sh PS AG 
conjugates. Although the function of Lhe amino sugar itself in the 
calicheatnicin structure has not been established, it has been specu- 
lated to play a role as a carrier to transport the drug into cells or across 
membranes. The a_v and tf-acetyI-7,1 DM hydrazide conjugates may 
owe their favorable profile to the fact that the DNA binding region of 
the drug has remained miaci while the internalizing antibody can serve 
as a surrogate for the amino sugar, bringing the potent drug into the 
target cells. Our data suggest that an intact DNA binding region of 
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Fig. & A comparison of the Antitumor effect* of CT-M-oi conjuguic of A'-acccyl y 3 i 
hydrazine and N-aaety] y v DM hydr&zide and comrois on the MX -2 ^cnojjmA. tumor. 
Athymic ir-irt implanted with the S C. MX-2 breast carcinoma were treated Q4D X 3. i,p„ 
with the two conj^gfttes si doscx or of PS and 172 fi-Qfkg of drug/dose x 3 dose*. The 
N-KJ2ty\'yn hytixaltdc and iV-aceryl-Tni DM hydroxide wen included as cantrab sad were 
not effective at noslechal dew: (data not shown). The /V-acecyPy,! DM-hyd conjugaie 
produced $ of 6 turnCrr-ffCC 3uA»iVQTS 01 both dOSCS Ulid, u *hO*n. were man elective ihflt 

the ".simple" jV-ae«yl-7n hyd conjugates. Rights the number of animals tiWe in each 
treatment group at cay 35. In oil tesc groups* n = 6; and in the contra! group, n - Ifr. bars. 
3 SEM for each dati painL 
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Fig. 5. Antitumor effects of a CT-M-01 conjugate of hydrazide [A) and M-acctyl th 
(&) and controls oo the MX-1 xenograft tumor. Athymic mice implanted with tha u. 
NOC-1 breast frTTi^nia wcte rreaied Q4D x J, i.p. wjth the conjugate aod controls over 
a range of doses from 25 to 100 jig/kg of drug X 3 doses. The parent est And fV-uceryl-yii 
drags included in their respective tests as controls wcx* ktha) at doses of 25 jig/ke * 3 
Mid Above, The conjugates in both Celts produced 100% tumor-free survivors at the top 
dOtt Of 1 00 nfi/k£ X 3 00*0. The tf-acety 1.7,1 conjugate was te»ed i.p. OT i.v. and found 
u> give equivalent. result* by cither route of fldmintorarion, A mixture or the rV-aeirtyl-Tii 
hydrnzide plus CT-M-D! at a dose oT SU ug/k£ was ictnal. Rt$hi* the number of animal* 
alive in each oeaunent group ar day 4l In all test group s, n — 6; in the control croup, n 
= 10; Oarx. £ SEM for each dAU point. 



calichearnicin Is required for optimal aniiuxmor activity, although 
others have reported the potent antitumor effects of certain encdiyne 
molecules missing a DNA binding region (33)- 

Triggcring of the enediyne is the key event in the activation of 
calicheamicins. Although the intracellular companmem and rate of 
triggering of the conjugated drug has not yet been established, the 
evidence so far accumulated suggests thai activation through disulfide 
cleavage occurs after the conjugate has been internalized. Studies are 
in progress using radiolabeled drug and conjugate* to follow the 
intracellular trafficking of the conjugated and unconjugated forms of 
the calicheamicins to explore differences in intracellular processing of 
the conjugated and unconjugated drug. 

In addition to selecting an optimal form of the drug itself, we have 
improved the therapeutic potential of tbc calicbeamicin conjugates by 
increasing the stability of die linker. There is significant literature 
precedent to suggest that the introduction of $teric bulk adjacent to a 
thiol in disulfide-based linkers effects the stability of a conjugate in 
serum and modulates the ease with which drug i$ released at the rumor 
site (34-36). Pr^irninary studies in our laboratory have suggested that 
the stability of calichcarniciri disulfides toward reduced glutathioDC is 
proportional to the sreric bulk placed adjacent to tbc disulfide group. 
These results fit with the increased iherapeutic potential seen for 
conjugates prepared with the dimethyl linker (37). The linkage be- 
tween calichcsmicin and the MoAb actually contains two possible 
Sites for drug release: the hydrazidc can be cleaved by acid hydrolysis, 
and the disulfide bond can be cleaved by reduction. We are currently 
evaluating die relative importance of these two release mechanisms. 

In conclusion, we have demonstrated the potential of the calicheam- 
icins for targeted delivery. Through the process of MoAb conjugation, 
wc have converted a potent, yet toxic series of antibiotics into effec- 
tive antitumor agents, with a significant therapeutic window for treat- 
ing solid tumors. Studies are in progress to establish the activity 
profile of both CT-M-0 1 and other MoAb caUcheamiciD conjugates in 
a variety of preclinical models. 
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